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ABSTRACT
A major outbreak of febrile syndrome occurred
during 2002 among the Greek Army forces in
Cyprus. Serological and molecular investigations
revealed that the causative agent was a Sicilian-
like phlebovirus. A virus strain was isolated from
a blood sample taken on the ﬁrst day of the
disease. Phylogenetic analysis of partial L RNA
segment sequences revealed that the strain from
Cyprus differed from sandﬂy Sicilian virus by
6.7% at the nucleotide level.
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Sandﬂy fever viruses (genus Phlebovirus, family
Bunyaviridae) are endemic among humans in
several regions of the world, including the
Mediterranean, Middle East, and northern
African and western Asian countries, where they
constitute a signiﬁcant health problem, especially
for foreign or non-native and non-immune visi-
tors [1]. They are responsible for a disease known
as sandﬂy fever, phlebotomus fever or Pappataci
fever. Interest in the disease increased during
World War II, as it incapacitated large numbers of
Allied and Axis soldiers serving in the Mediter-
ranean theatre of operations, especially USA
Army personnel. The disease was ﬁrst recognised
among American soldiers when the morbidity
rate of febrile cases increased during the period
they spent in North Africa (end of April 1943).
Study of the infected military personnel led to the
ﬁrst clinical description, the discovery of the
vector of the disease (Phlebotomus papatasii) and
the isolation of the responsible viruses, namely
sandﬂy fever Sicilian virus (SFSV) and sandﬂy
fever Naples virus (SFNV). [2].
Although the genus Phlebovirus consists cur-
rently of 68 distinct virus serotypes, eight sero-
types, namely Alenquer, Candiru, Chagres,
sandﬂy fever Naples, Punta Toro, Rift Valley
fever, SFSV and sandﬂy fever Toscana virus
(TOSV), have been linked to disease in humans
[3]. Seroepidemiological studies have shown that
the prevalence of antibodies against SFSV and
SFNV is > 50%, especially in Mediterranean
Corresponding author and reprint requests: A. Papa, A¢
Department of Microbiology, School of Medicine, Aristotle
University of Thessaloniki, 54124 Thessaloniki, Greece
E-mail: annap@med.auth.gr
192 Clinical Microbiology and Infection, Volume 12 Number 2, February 2006
 2006 Copyright by the European Society of Clinical Microbiology and Infectious Diseases, CMI, 12, 178–196
countries [4,5]. However, there are only a few
reports of clinical cases among the native popu-
lation [6]. In 1984, serologically conﬁrmed clinical
infections with SFSV were found for the ﬁrst time
in Cyprus among Swedish UN soldiers [7,8].
Sporadic cases have also been reported among
tourists who had visited Cyprus [9].
A major outbreak of febrile syndrome was
observed between May and September 2002
among Greek Army forces in Cyprus. In total,
256 (44%) of 581 soldiers developed a self-limited
illness that lasted 3–5 days and was characterised
by an abrupt onset of high fever (39–41C),
arthralgia, myalgia, headache and lower back
pain, followed by a post-infectious asthenia syn-
drome that lasted for 2 weeks. The main labora-
tory ﬁndings were mild leukopenia with an
elevated number of monocytes (£ 29%), and
elevation of transaminases, mainly alanine ami-
notransferase. All other haematological and bio-
chemical parameters, as well as the chest X-ray
ﬁndings, were within the normal range. Blood
and urine cultures were negative for aerobic and
anaerobic bacteria. It was suggested that the
disease was caused by a hepatotropic virus.
Acute serum samples were obtained from 18
patients, together with a convalescent serum sam-
ple (drawn 2 weeks after the onset of the disease)
for six of these patients. Additionally, whole-blood
sampleswere taken fromﬁve other patients during
the ﬁrst 24 h of symptomswhile they had a fever of
> 40C. All samples were negative for the presence
of antibodies to Epstein–Barr virus, cytomegalovi-
rus, adenovirus, herpes simplex viruses and West
Nile virus, andwere negative by PCRwith primers
for West Nile virus, Sindbis virus and TOSV, and
with consensus primers for ﬂaviviruses and alpha-
viruses. However, all six patients from whom a
convalescent serum sample was available had
antibodies to phleboviruses (SFSV, SFNV and
TOSV) detected by indirect immunoﬂuorescent
assays. Serological cross-reactivity was observed
for the three serotypes of phlebovirus, with more
patients having antibodies to SFSV than to SFNV
and TOSV, and with greater antibody titres being
seen against SFSV than against SFNV and TOSV.
Seroconversion was observed for all six patients
fromwhompaired acute and convalescent samples
were available.
In addition, 11 of 18 acute serum samples, and
four of ﬁve acute whole blood samples, were
positive by molecular methods, with a speciﬁc
244-bp amplicon being detected by PCR using
degenerate primers for the L RNA segment of
phleboviruses [10]. Sequencing of the PCR prod-
ucts and phylogenetic analysis using PHYLIP soft-
ware (http://evolution.genetics.washington.edu/
phylip.html) showed that the causative agent was
a Sicilian-like strain of phlebovirus, differing from
SFSV by 6.7% and 1.2% at the nucleotide and
amino-acid levels, respectively (Fig. 1). A virus
strain was isolated in Vero E6 cells from a blood
sample taken on the ﬁrst day of the disease.
Cytopathic effects were present 3 days after
inoculation. Nucleotide sequences obtained from
the culture supernatant were identical to those
obtained from serum and blood samples. Spher-
ical virus particles with a diameter of 100 nm
were seen in an electron-micrograph of the cell
culture supernatant. The nucleotide sequence of














Fig. 1. Phylogenetic tree based on a 240-bp region of the L
phlebovirus genome segment. The neighbour-joining
method was used to prepare 100 bootstrap replicates of
the sequence data. Values > 60% are indicated at the
nodes. Horizontal distances are proportional to nucleotide
differences (see bar scale), while vertical branches are for
visual clarity only. Uukuniemi virus was used as the
outgroup.
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accession number AY962268. Liu et al. [3] showed
that Cypriot Sicilian-like virus strains isolated in
1985 differed from the Sicilian Sabin strain by
11.5% in the M segment. Sequence analysis of all
three segments of the strain isolated during the
present study is currently in progress and will
enable analysis of variation among Cypriot strains
isolated during different periods.
The infected soldiers were staying in the
Athalassa National Forest Park, situated c. 5 km
south-east of the capital Nicosia, at an altitude of
c. 130–190 m. The area has a typical semi-dry
Mediterranean climate, with maximum tempera-
tures in July and August of 35C. The main local
vegetation consists of shrubs and herbaceous
species, mainly Tamarix spp., Thymus capitatus,
Zizyphus lotus and salt cedars. Intensive forest-
ation of the region began in 1904 with the planting
of various tree species, mainly pines, eucalyp-
tuses, cypresses, acacias and casuarinas. Geolo-
gically, the area is formed from biocalcarenites,
sandstones, and sandy marls, so the subsoil has
extremely poor moisture-retaining capacity; how-
ever, there is a gorge with two streams ﬂowing
through the area, with two dams and extensive
hygrophytic vegetation nearby. The area seems to
be an ideal environment for the sandﬂy vectors of
the virus, which prefer a cool, shaded, slightly
damp environment. Only the female sandﬂies
bite, as a blood meal is necessary for ovulation.
The ﬂies rest during the day and feed at night.
All of the infected patients recalled numerous
insect bites.
In conclusion, sandﬂy fever is endemic in
Cyprus, where cases occur sporadically or in
outbreaks. Clinicians should consider sandﬂy
fever in the differential diagnosis of patients with
symptoms similar to those described above, par-
ticularly if the patient has recently visited an
endemic region. Measures for the prevention of
the disease (e.g., protective clothing and use of
insect repellent) should be taken in endemic
areas, especially during the summer, when sand-
ﬂies are active. Further studies are in progress to
determine the vector of this virus strain.
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